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CONDITIONS FOR FINITE CONVERGENCE OF ALGORITHMS
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School of Industrial and Systems Engineering
Georgia Institute of Technology
Atlanta, Georgia 30332
and
Jerzy Kyparisis
Department of Decision Sciences
and Informtion Systems
Florida International University
Miami., FL. 33199

ABSTRACT
Algorithms for nonlinear programming and variational inequality problems
are, in general, only guaranteed to converge in the limit to a
Karush-Kuhn-Tucker point, in the case of nonlinear programs, or a
solution in the case of variational inequalities. In this paper we
derive suftficient conditions for nonlinear programs and variational
inequalities such that any convergent algorithm can be modified to
guarantee finite convergence to a solution. Our conditions are more
general than existing results and. in addition, have wider applicability.
Moreover, we note that our sufficient conditions are close to the related
necessary conditions, and show by counterexamples that our main

nondegencracy assumptions cannot be relaxed.

Key Words: Convervence of algorithms! nonlinear programs. variational

inequalities.
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CONDITIONS FOR FINITE CONVERGENCE OF ALGORITHMS
FOR NONLINEAR PROGRAMS AND VARIATIONAL INFQUALTTIES

Faiz A. Al-kKhayyal
Georgia Institute ot Technology

and

Jerzy Kyporisis
Florida International University

Introduction
Numerous aleorithms have been devised tor the solution of

optimization problem
minimize {(x) subject to x € S,

Differences in the procedures generally exploit the assumed structure ol
the objective function { and the teasible set S. In this paper
develop conditions on f. S, and the solution point under which an

infinitely convergent algorithm can be modified to ensure finite e )

N.,vtcﬁo
convergence. Within the assumptions on f and § we show by counter- y

examples that the conditions on 'he solution point are tight. Our
results are more general than earlier related results and have been

extended to the problem of finding solutions to variation! inequalities,

»
which calls for finding a point x € S such that
»* T » .
G(x ) (x-x) 20 for all x € 8§,

o . . n n
where € is o continnons mipping from R to R
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Problem (1 1) 15 called 0 nonbinear proeram whenever either 1ors o

cont ttons nobiitnear tanctiton or the set S 1s detined by o collectron oi
contimous nottbinear inequalities and equations Under o suttabie
constrarnt qualttieatron (see, eou, [3])0 aleorithms for nontineat
proviamming problems are. in veneral, only waranteed 1o caomverve 1o the
Prmie to o Rarush-hahn-Tucker point {see, e.v., [20]), which may or neoy
not be a local solution.  Por special cases. convervence to a locnl
solution can be established {e. v, for convex provrams [ 1]). or finite
convergence can be assured (e.y.. for conjueate directron aleorithms
applied to bounded quadratic programs using Armi jo-type inexact line
searches [20]). Alworithms for variational inequality problems tvpicalls
are enaranteed to converge in the limit 1o a solution if such o solution
is unique. lThus, in most cases. the existineg aleorithms converse 1o
cither Karush-Kuhn-Tucker or solution points in an intintte number of
steps.  We propose to modify these procedures by imbedding o subproblem
(havinyg linecar objective function and constraints given by S) that shoald
be solved every tixed number of steps. Under certain conditions. this
suftices to guarantee finite convergence to o solutton.  lThis iden s
reminiscent of the "spacer step” used in nonlinear programmine to cotuvert
a loeally convervent algorithm into a globally convergent one (see. ¢ v
Luenbereger [197) .

Rates of convergence and conditions for Finite convervence have hoeen
developed by o vumber of authors for vradient projectiron alvorithms
PBerrsekas [H7 studied the Goldstein-levitin-Polyak [ 16 15] vradient
projection method for problem (1. 1) with continmously dittferentiable

objective and compact S detfined by only upper and lower bounds on the
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"Heo same approach hus been saccesstall usced by hinn to stady
3

Aot thm
comnvervence of other aleort thms L!*LH,I”]

Condittons that use theoretreal fanctions such as (] are asefal
bat diffienls to apply One ot the stmplest conditrons was also provided
by Dann [THED who proved that the gradient projection method identilies
the optimi!] active constraint set in o tinite number of itterations
whenever SON holds ot the solutton Burke and More [ ] extend this

result by Showinge that the optimal gctive constraints are identified it

and only 1t the projected gradients converge to zero. Finally, (aloamai

and More [S) veneralize the results of Bertsekas [H] by “showing that it

the projected gradients converve to sero and it the fterates converve to
a nondevenerate pornt, then the oprimi] active and binding constraints of
aoveneral Hinearly constrarned problem are identified in a Finite number
of 1terntions thais resalt as independent of the method used to generate
the tterates and can be applied to other linearly constrained problems . ”
err proot does nor regquire SOSC and permits S to be o yeneral
nolyhedral ser By invokineg the gradient projection method on selected
trerartons, Calamir and More were able to develop a finite procedure for
determinnne, the wlobal solution of o general quadratic proeramming
pbraoblom

oo this paper . we generalize the results of Calamai and More [S] o
probiems with nonpolyhedral Teasible sers and 1o aleorithms which are not
based on protected coradient calenlations Morcover, the natare ol our
ipptaach allows s to extend ont results to aleorithms for solving

grriatiotal aneaguenl i res While many ol the ideas contained in onr

resalts e not osrprisine. we hiove not seen them presented el sewhere and
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dtempt here to o stoactnre and charactertoe veneral ver o ctal o resiulios ton
"

R Tnoadditron, our results hove much stopler proots than related
resulis in the literature oS 1] The temannder of thiis paper s
orvanized as ol lows Section 2 1s concerned with conditrons Yor ind e

convervence ot aleorithms for nonlinear provrams with linear constroints
The case of nonlinear programs with nonlinear inequality constraints is
dealt with in Section 3, and Scetion 1 extends the resulits i the

preceding sections to variatioml inequality problems.

2. NONLINFAR PROGRAMS WITH LINFAR CONSIRAINTS

Consider the linearly constrained nonlinear programming problem of

.. . o h )
tinding o point ~ € R that will locally

minimize f(x) subject to Ax = o, Bx > b (")
. n 1. ) e .
where £ R = R is continuously ditferentiable, A and B are real p x n
and m o x n matrices, and a and b are real p o< L and m o x | vectors,
respectively.  let O = {x7 Axza, Bx2b) be the feasible set of P

It veneral. we Leek a local solution to the problem: that is, o

* . . . - . ¥* -
point x  for which there is some neighborhood N (of ~ ) sach thao t(x)

o i _ » ae
F(s ) tor all x in NN I equality holds only for x = x 0 then x 0 is

*
called oostrict local solntion of problem PO In contrast. v is called

anisolated local solation {or a locally unigne solntion) of problem Pt

»*
it 15 the only local solution of P oin some neivhborhood ot~ ihe
distindction bertween strice and 1solated local solntions for ceneral,

notlinear v constrained problems has been investivated by Robinson [ 22]

and by kyparisis and Fracco [1o] who developed sufficient conditions for
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cach type of solution.  As might be expected, the distinction disappears
For special cases: ¢.y., when tis a quadratic function in P (sce [11])
In the sequel. we review several definitions and results from conves
analysis and optimization theory which are needed tor the development ot
our conditions. The reader miy consult, e.o., Bazaran and Shecvy [3] tor
complete prootfs and turther details.
. - * . . .
[t is well-known [3] that if x is o local solution of problem P
. ,ptm »
the. there exists a (dual) vector (u,v) € R such that (v (u.v)
satisties the tollowing harush-huhn-Tucker (KKT) conditions for P
) L T .l N
(1) eof{x ) =Au+Bv. v 20,
. * *
(11) Ax = a, By > b,
S I *
(1i1) v (Bx - b) = 0.

. . . , *
Denote the index set of binding inequality constraints at x by

I = i BN = bi Voowhere B denotes the ith row of matrix B, The
i i
) ‘ . ) * % _
corresponding submatrin of [B.b] is deaoted by [B b ], The cone of

N . . . »* - .
feasible directions of Cat x is given by

and rthe polar cone of F{x ) is given by

»* »
where v denotes the subvector ot v with indices in [0 Notice that

- *
P ) s stmply the cone spanned by the neeative vroadicnr s ol the

s € v v

ol P
—

.3 |

b N,
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. . . * P * . o iy o~
. binding constraines at x . Now., il x is a local solution. then the KKI
‘
condtrtions state thaat we must have
U S T L
~vi{x ) € F{x ). x €O (2.1)
0
)
. . . . . . * . -
. Fater in this section we utilive the condition that -vi{x ) is in the
.,‘ . » »* : * > . L.
- intertor of 1o(x ). denoted by int I (x ). The next proposition states
DL . . - . . * *
i the necessary and sufficient conditions for int F {(x ) to be nonemply.
-‘; PROPOSTTION 1. The following conditions are equivalent:
P
} *x %
(v} int b AN) £ 0
- (b)Y ~x is an extreme point of
. . . _ S
{(¢) rank [A B ] = n: i.e.. there are n linearly independent binding

;lt't'(a'ff‘;," ».'

constraints at X

s
B :
o 'y ir

« ¢

One can verity that the interior of F (x ) is viven by

A

IR I

) E R ) I *®| % * )
int F(x ) ={-y'y=Au+B v where v > 0 is such tha

" .

- I * : o, ®

~. v Bz >0 for all 2 € 1 {(x ).

)

w

o o v I , .

If, in addition, the marrix [A B '] is n xn. i e.. all the binding

o constraints are linearly independent {(in view of {(¢) above), then

2, ‘ * % | *] - *

. int {x ) = -y oy = A e v v 0 (2 )

E

,
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The et resile oy vdes se e L cna ey
o= P )
AP Y c an b ) ased rns o matn chearem
PROPOST TON 2 tonstder the condrrrons
» » =
(v) (N ) Coant bos )
! . . » -
(b)Y vi(~ )/ -0 tor ool scH ) and v oS o
» L

(¢} ~x  1s the untgue solntion of minivi{s ) <

(d) ~ s oan oisolated local solation of minitr{y)
then. () & (b)) < (¢) 2 (d)
Proot (i) 2 (b) Conditron (o) tmplies thoer N

o] .
C ohy Proposriron boand rthat (s )/ totor ol

of ant o~ )

* | »”
(b)) = () Condition (b)) taplies vi{~ ) (v -~ )
" » | e |
N AN L e Ao O O T N S N (RN I (F1 SN T N
| »
(c) 2 (1) Condit1on () tmplies vii(~ ) {(~ N )
- . »* | »”»
AN L e Vi~ Y 2 O tor all 2o TN ) By
- »* » - -

it T ) rthirs means thar v ) ©oane Bo{s )

Favadiy o (a) tmplires that the KRR conditrons hold

- | "

Phaat soovH i~ ) s A O R Wooso that o by
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\k*I = \k + % x - ,\'kll (\* - N )
V!(\):VI(\) l—(‘
k
where ¢ = (l.l.....l)! ¢ R and -1l denotes any norm detfined on oty

* . . . * .
X is not an extreme point, it follows that x  does not solve (2.3) tor

any tinite k. We note that the nondegeneracy assumption ol (alamii and

* %
More [3] is equivalent to assuming that b {x ) has a nonempty interior

L% * %
and that -vi{x ) € int I {~x ).

Ihe preceding theorem suggests that any algorithm which generates o
. . . . »* .
sequence of points converging to an extreme point x ol o polyhedral set
PRI SOy . . * -
can be modified to guarantee tinite convergence, when -vi(x ) ¢
. * * - . ~ . .
int ¥ (x ). by simply adding the subproblem of solving the linear progroam
(2 3) every. say. n steps We are guaranteed to reach the threshold K oin
a tinite number of iterations and this is followed by o single linear

»*
program to determine x

3 NONI.INFAR PROGRAMS WITH NONI INFAR INFQUALTTY CONSTRAINIS
Consider the nonlinear programming problem with nonlinear inequality

constraints and linear equality constraints

N
[ -

minimize [(x) subject to Ax = a, L;i(x) ,oi=loo o m. (NI P}

N {1 1 n 1 . o .
where 1R - R and oy R = R" are continuously differentiable. and. tfor

*

simplicity, it is assumed that all the constraints are binding at x

let Xo= Ixt Ax = a, ¢ (x) 20, i=l.....m} be the feasible set of NP,

Y ‘\-“'\-

- PO T NN AN N
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”
Toas owell o wnown D3] that vt as a0 local solutron of problem NP

and anoappropt tate constrinint qualifreation holds then there exists o

phtm »*
N

vector (v ) such thar {x JuLv) satisties the following

Artsti-hnhin- tacker (RRD) conditirons for NP

- ! ®
(v} v~ ) AN TN S N BN vooo0
S T N N B
| »

. . |
where Voodenotes the hcobian murris ot the mipping o = (“"l'&‘)' AT
2 m
Tty oot tesults tor this more weneral nonlinear program, we shall use
‘ * * ) i
e cane ot 0 sents o Yar L denoted by T(x )  tnstead of the cone ol
N . ”* .
teasthie directions PN ) When the constraints are linear,
, » - . »* »* . )
{(~ ) i~ ). bt oan o ceneral ondy b(x ) C 1{x ) holds lhe tollowine
D ODOS T Lo ts o we D h oW
PROPOIS T 10N 8 Assume that the kb Tacker Consrraint Qualitication
1 ’ N il *
O b i Yor N[P Then
s » »* ! ,
{(~ ) e g, As [N oo ) 2 1o 1. m;
1
"

et e poloar cote of TUn ) 1S vaven by

. Ld ] » | NE

P ) “ 5 AN or o ve(N )y ot RY \ i
Of conurse. 1 oumber of ather constratnt qualitrcations which rmply KTCQ
Can ohe ased, tor oesample the Danear Tndependence g ar o o the case ol

”»
CONVEN cons! s o the Shaorer () (see [ 4]) Naote alwso o thor oot 1%
|

olocal solution and RO holds s chen the KRR candicrons amply thon




o

L
) 12 '
) N
L) f‘\ h
‘ - e
> o (xT) ¢ Ny e (3.1) :

PROPOSITION 1. Assume that the KICQ holds at x*. Then., the tollowing

conditions are equivalent:

' ) %

- (1) int 1 (x ) # &
> [ N . . . )
Y ) (b) rank [A vg{x ) ] = n: i.e.. there are n linearly independent :
o . _ x
(T binding constraints at x

g B
S . N : e e :
I'be formula for int T (x) is identical to that for int F {x ) with .
ve(x ) substituted tor B . Therefore, the discussion in Section 2 of
- : N % . M %
. various representations of int F (x ) applies here to T (x ). !
v .‘:- » - ' i % *
RN lhe tollowing lemmy characterizes the key condition -vf{x ) € ,
k. L . ‘
. int bo(x ) that will be used later.

| 1
. i : . Evs . {
.. PROPOSTEION 5. Assume thirt the KICQQ holds at x and consider the
g tollowing conditions:

R o * %
. (1) —el(x ) € int 1 {x }):

f - . i
(J % ] . R FY3 [
J (b)) wit{x ) 7z >0 tor all 2 € I(x ): :
b - i
B 1... » ) ) . . ) * 'I‘ (]
) e (¢} ~ is the unigue solution of min{vl(x ) x: x € X}; :

. {(d) ~ is an isolated local solution of min{f{x): x € X}. -
v \
- |
Then, (a) & (b) 2 {¢) and (d}). '
g Proot (ir) & (b). Follows from the definition of int T (x ).
- ) oo T »* . *
(b) 2 (). tondition (b) implies 9f(x ) (x - x ) > 0 for all x € x +
r »* . . »* R
EN I{x~ ). which tn tarn implies (¢) since X C x  + [(x ).
— . N . . - oY . . *
() = (d) tondition (a) implies that the KKT conditions hold at x  and
o
h
i (
", ¢
» '
-~

. wn

A
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2 >
that {7z vt )[/ U 2 C (N ) =¥ so that, by Corollary (110 in

- * - . . . - . - .
[1e]. x is an isolated local solution of min{f(x): x ¢ X}

The main result of this section parallels Theorem | and gives
conditions under which an intinittely convergent algorithm tfor NLP can be

moditied to converce in a Finite number of steps.

THEOREM 20 Assume that Foand g are continuously difterentinble and that
. * . N k *
the KICQ holds at x € X, Suppose that {xl\} CX, x =-»x . and
T »* T . R . * % i
rank [A ,vy(x ) ] = n. If -vf(x ) C int T (x ) . then there is a
. . - . » * .
positive intecer h such that, for all k > K, x uniquely solves the
nonl inear program

minimice Vt'(xk)lx subject to x € X. (3.2)

*
Conversely, il x solves (3.2) for all k larger than some number K. then
»* . , . R .
X is a karush-Kuhn-Tucker point ol problem NLP.
Proot: By the continuous differentiability ol ', we have —V!'(xk) C
. LK e . K * A SO
int T (x ) tor sufficiently large k., since x° - x and -vt{x )} € int
»* * ol
I'*(.\( ). Thus, vt'(xk)l'/, > O for all » € T(x ): i.e.. V!'(xk)l(x—x*) > 0
. * L% .. * »* o kT o KT e
for all x € x + T{x ). Since X C x + I{x )., then Vt(xl\) X > vi(x )[x
*
for all x € X, x #x . The converse tollows immedintely from continuous

differentiability of f.

Remark. Analogous to Theorem 1, in the above theorem, we cannot relax

the assumption that there are n linearly independent binding constraints

»* . * = . . B .
at x . even if we require -vi{x ) to be only in the relative interior ot

(<Y
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. Fheorem 2 suguvests that any atgorithm For NP which generates o
M sequence ol points converginy to a point x can be moditied to vuarantee
s
D . A . P ) ,
A {finite couvercence, when -vf(x ) € int T (x ). by adding the nonlinear

- program {(3.2) with linear objective function every, say, n steps.  This
) ! is guaranteed to yield a local solution x* in a finite number of
\
iterations.
- -1 FXTENSTONS TO VARIATIONAL INFQUALITILS
. In this section we consider the variational inequality problem of
N finding a point x € S such that
\_ _“
- % T * . :
G Gx Y (x - x )20 tor all x € S, (V1)
.
N L
{ i . ¢ n . . .. . ) *x
where G2 R = R is continuous. S is a convex feasible set and x is
~ »*
N called a solution of VI. Note that x solves the ftollowing convex
™ program
»
) !
;. Co Lo T . — .
N minimize G(x } x subject to x C 8. (cP)
14 -
a * R
4 - Farthermore, x is called an isoloted solution {(or a locally unique
S
) solution) of problem VI if it is the only solution of VI in some
)
.' -_ . ~ »*
S neivhborhood of x
+ S
q Problem VI is, in a sense, a generalization of the nonlinear provram
+ ;:- . . . * . .
Lo NLP (and also of P). For example, if x is a local solution of NP and
) Y . . . . * . . .
" A if feasible sct X in NP is convex, then x solves VI with G{x) = vIi(x)
" .','
\
1 and S = X, Indeed. if the objective function { and set X in NI P are
A
i)
~
~
“ A
~
1 -
»
* ‘-,.
(. 3 I B R I I I R R T S PSR L L NS R PO AN . «
o] f.’f f.“ 4‘..*-_-(‘\"5.?\.‘ *\Iﬁ?‘ﬂ ’i;"},{‘,{"l\ < TN A\ : ‘f\" <
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i 1 1] -
, . .
conves, then VI subsames NIP as the special case where G{N) - vi(N) On
the orther hund . problem VI directly vencralizes the nonlinear (and D,
theretore also Dinear) complementarity problem, which 1s obtatned by "
.
Settine N NN o Alvortthms for varianionnl inequalities in most y
X
Cases comverce 1o the Timie o a soluation of VIl such o solution is :
arntgue (sec Mo and Clan [21] and Datermos {0]) Thus. Finite "
Cottver Cence of these alcortthms ts also of dntereste o in the VIocase. b
The resalis trom Sections 2 oand 4 direcoly o extend in most cases to J
{
probien VD owirh oo appropriate feasible ser o Consider problem VI with o
Dolyhedral teasihle set S 0 0 (s detined in Secrron 2). 0 Then CP becomes -J
» .
polinear prostoam o with ooptimal solution s Thus, there exists 0 vector
'
Lpem * . . . .
(o) ¢ R such that {(~ Jov) satistres the following veneralized
Norrsh kb Dacker {GRRTY conditions tor VI :
= ! l
(1) e~ ) Ve By v >0
”* »* b
(1) AN a B b A
(111) v (BN b) [
»* * »* . .

The cones His ) and F (s ) are detined exactly as in Scection 20 and
Propostoion Dond comnents followine 1t oapply withoat any chanves. The =
CRED condrtrons iy, bhe expressed in the Yorm

.

»* » »* £~
Gl ) €1 (N )0 v et (1 1)

'

1

\

” » »* . )

A\ wrrencorhened condirrron G ) Coanc b)Y s characierized in the nest

t

,

T S]

t

L}

L

»

)

.

d
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PROPOS THION Consider the conditions .
s
ti o ow ) »x %
(a0 s ) odne EoAN ) .
a
oo ! . * * ‘e
(b)Y G~ )Y 7z 0 Tor ol 2 (N ) and N ds an extreme point ool G ..
* . o= .
{(¢) ~ 1s the anrgue solution of mindt{s ) N0 xv C e
' - . . | : ‘
» (dy ~ 1s an isolated solntton of GIN) (72 - N) - 0 tar bl oo :
Then o () < (h) & (c) 2 (d)
Draot he farst three contvalenctes are proved exactly s .
.
- Prapas::ron The tast amplicarion tollows trom Theorem 0 gn tabio ~
I ) Wy ” - | .
U srnce che GRRD condirrons hold oo aod o stnee s v ) s v -
- had -
-7 s ) s .
n.~ d
—d
The condittons ander owhiich o andtnttely o convetroent o aloarrchm ocan be N
- ¢
. N
modtr ted fo o conver e tneon fint e namber ol steps are stated o e -
. “hearem below  whose Drool s anolovons to the proot ol thearem oo ~
Sec oo e vs ome e
b 3
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e Ao e ey Che ssumptron that s Ls ol extreme port ot
s *
Corto i T e cnet b owe tedquatre s ) ro bhe i the relative
L - -
' N
' Cecter S stowes et e ottt tor VD owaith o polyvhedral teasible
SN ' Wit et it setlietc e ol polnts convereinge o oan extreme
. -
-. o o e e moda b tedt to coatantee Lintte comvervence, provided
X - - - .
. Yo A s ts accomplished by o solvine, anoaddr tronal
-
St o e (T enery i o steps (seeoalso the commernt s Followin
Prettrt e )
¢ Canstder ow arontem VDot 0 canves teasihle serr S N,oas dethined
oNee o owe b hie addrcona asimpraon that each v 1S concave. lor
. ’ 1
ot we g same thae T D rhe cansrraants are baindine N Thirs
; \ " .
'.c Corte constoorn ana byt rbeaon RO holds 0 (see Sectron 3) L then
Jprem ”
T N R S RV B SR | i ~ucho that (s ooy ) satrshies the
TR T enera by ed horast kb Tacker (CRRTY condrvaions tor VY

- » -
eodetsnrrtons of cones Ty rd U (0 ) tarven i Sectton o as we | !

1 aposttrons b oand b and the commetit s ol lowine, them oo the same
TG anhi, wr T ey Choanees, Yol thie CRRY condirtrones may be
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the et oresult o characterizes the key assumption in the subsequent

oo . : . e .o
corem, ramely the condition -G{x ) € int T (x ). Tts proot is

ro the proofs of Propositions H and 6.

X . k3 . \
TON 0 Assume that the RIOQ holds ot x and consider the

followine conditions

JOn)

O S
W -F_\-I'. "

* ” »*
() -GN ) Coane (N )
*x | ) ) * h
. ) K € 3 R
(b)) (~ ) 7 O tor all 2 (s ) K
* o . : S o v
(¢) ~ is the nnigue solurtion of min{G{x ) x: x ¢ X}
= : . C T . .
{(d) ~ 1s an isoluated solution of G(x) (2 - x) > 0 for all 2 € X. ,
Then, () & (b) 2 (¢) and (d). K
'he conditions noder which an infinitely convercent algorithm can be
modified to converce in a finite number of steps are given below.  The
.
proot of this result is analovons to the proofs of Theorems 2 and 3. )
. 4
. . »* . . G . - . .
Observe also that since G{x ) v is linear and X is conves, in view of J
. . »* . . ’
Proposition ¢, part {¢), x must be an extreme point of X. Recall thot
this wis the case For problem VI with polyhedral fensible set € (see
theorem b)) N
4
JHEOR! M Aastime That G 1s continons, v 1s concave and that the KICQ
- ko k * I |
holds oo Suppose that I C XD x =~  oand rank (A ve(x ) ] = n.
»* ”» »» . . , . .
o) a1 () then there is oo positive intevor Kosuch thao, for
»
all b o ko< aniguely solves the convex program
Lo ko ,
mintmize  C(x ) x subject 1o N C X (t.1)
.
§

AT
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We have derived necessary conditions and suffircient conditions under

" .
.
o
-
i Caomersely oo solves (F )y tar o all b Larcer than some namber oa o then
. .
1K : | |
. " voots g ceneralized karush o kabn Tacker pornt ol problem SV
b
L
[ - Renat b A n tTheorem 20 we cannot relas the assamprron rhoet there oo e n
. .
) ) »* b
. Prnear iy andependent bindine, constraints ot X 0 even ibowe reqguire s )
. . *
- "o be only an the relative anterior of b (N ).
Theorem 1 shows that any aleorithm for VI with o conves ser Nowhich
- coenerates o osequence ol points converyine to x o can be moditied to
-
< . ] . »* >
7 carantee Finite comergence, when ~G{is ) ¢ int T (x ). by solvine an
*
3y . additional conves provram (<1 1) with linear objective function every.
J o
s
. SOV o sTeps.
v
. e
A ) Concluding Remarks
g amcineing REmrhs
/
¢
4 -
-
i whiich any comvercent aleorithm Yor certain nonlinear provramming problems
. and varimational tnequality problems can be modified to ensure finite
: convervence Thronehont we assumed the objective function to be
.— contirosly ditterentiable and considered cenceralizations of the
constraints 1o extend our results.  Using ovr approach, it appears that

the most veneral constraints we can assume are linear equality and

notl inear ineguality satisiying o canstraint qualitication.  Morcover., we
cannot relax the nondeceneracy assumptions on the solution points
. (namelv. the polar cones are tall dimensional and contain the negative
’ . . o . .
gradients an their interior) and still ensure finiteness.  In this sense,
onr results cannat be turther weakened without additiow] assumptions.

Some existing alvorithms miy immediately benetfit from resalty

contained in this paper For example. when the Al Khayyal and Falk [2]
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